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Abstract of JP2001 290384 

PROBLEM TO BE SOLVED: To easily 
produce a fixing belt (seamless cylindrical film) 
having sufficient functions required such as 
surface smoothness, heat resistance and toner 
release properties with good mass- 
productivity. SOLUTION: In the process of 
manufacturing a fixing belt to be used for a 
heating and fixing device to heat and fix a 
toner image transferred to an objective body 
(copy paper or the like), the ends 11a, 11b 
facing each other of a thermoplastic film 1 1 are 
overlapped and welded by heating. 
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(54) [Title of the Invention] 

Process for Producing Seamless Cylindrical Film and Seamless 
Cylindrical Film 
(57) [Abstract] 

[Object] To provide a process for conveniently producing a fixing 
kj>elt (seamless cylindrical film) with high mass-productivity, 

i 

vj^hich fixing belt fulfills the requirements, such as surface 
smoothness, heat resistance, toner releasability and the like. 
[Means for Solving Problems] In producing a fixing belt used in 
a heat-application image-fixing unit in order to thermally fix a 
toner image transferred to an image-bearing member (copy paper and 
the like), the opposite ends 11a and lib of a thermoplastic film 
11 are caused to overlap and the overlapping portion is subjected 
to heat-sealing. 
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[Scope of Claim for a Patent] 

[Claim 1] A process for producing a seamless cylindrical film used 
in a heat-application image-fixing unit to thermally fix a toner 
image transferred to an image-bearing member, wherein the opposite 
ends of a sheet-shaped thermoplastic film are caused to overlap 
and the overlapping portion is heat-sealed to make the film into 
a cylindrical form. 

[Claim 2] The process for producing a seamless cylindrical film 
as claimed in Claim 1, wherein the ends of the plastic film are 
subjected to chamfering, the chamfered. surfaces are caused to 
overlap, and the overlapping portion is heat-sealed. 
[Claim 3] The process for producing a seamless cylindrical film 
as claimed in Claim 1 or 2, wherein the surface of the heat-sealed 
portion is subjected to grinding to make the thickness of the 
heat-sealed portion an initial thickness of the plastic film. 
[Claim 4] The process for producing a seamless cylindrical film 
as claimed in any one of Claims 1 through 3, wherein the plastic 
film is made of thermoplastic polyimide (TPI), polyether ether | 
ketone (PEEK), polyether imide (PEI) or polyamideimide (PAI). 1 

'•J. 

[Claim 5] The process for producing a seamless cylindrical film 
as claimed in any one of Claims 1 through 4, wherein a thin-film 
layer comprising at least one of a silicone resin or a f luoroplastic 
is previously overlaid on the surface of the plastic film. 
[Claim 6] A process for producing a seamless cylindrical film used 
in a heat-application image-fixing unit to thermally fix a toner 



image transferred to an image-bearing member, wherein a plurality 
of concave and convex portions are formed in a sheet-shaped plastic 
film at the opposite ends thereof in the direction of film thickness, 

r 

the concave and conve x portions a t one end are fitted into the convex u> 
and concave portions at the other end, and the fitted portions are 
joined with an adhesive to make the sheet into a cylindrical form, 
[^laim 7] The process for producing a seamless cylindrical film 
as claimed in Claim 6, wherein the concave and convex portions are 
formed by laser ablation. 

[Claim 8] The process for producing a seamless cylindrical film 
as claimed in Claim 6 or 7, wherein after the fitted portions are 
joined, the surface of the fitted portions of the cylindrical film 
is subjected to grinding to make the thickness of the fitted portions 
an initial thickness of the plastic film. 

[Claim 9] A process for producing a seamless cylindrical film used 
in a heat-application image-fixing unit to thermally fix a toner 
image transferred to an image-bearing member, wherein a plurality 
of concave and convex portions, each having a narrow neck, are formed 
in a sheet-shaped plastic film along the opposite ends thereof in 
the direction of a film surface, the concave and convex portions 
formed along one end are fitted into the corresponding convex and 
concave portions formed along the other end, and the fitted portions 
are joined with an adhesive to make the film into a cylindrical 
form. 

[Claim 10] The process for producing a seamless cylindrical film 



as claimed in Claim 9, wherein the plurality of concave and convex 
portions are positioned in a row not in parallel to the center line 
of the seamless cylindrical film. 

[Claim 11] The process for producing a seamless cylindrical film 
as claimed in any one of Claims 6 through 10, wherein the plastic 
film is made of thermoplastic polyimide (TPI) , polyether ether 
ketone (PEEK), polyether imide (PEI) or polyamideimide (PAI), or 
thermosetting polyimide. 

[Claim 12] The process for producing a seamless cylindrical film 
as claimed in any one of Claims 6 through 11, wherein a thin-film 
layer comprising at least one of a silicone resin or a f luoroplastic 
is previously overlaid on the surface of the plastic film. 
[Claim 13] A seamless cylindrical film produced by a process as 
claimed in any one of Claims 1 through 12. 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a process for producing a 
seamless cylindrical film and a seamless cylindrical film obtained 
by the above-mentioned process. In particular, the present 
invention relates to a process for producing a seamless cylindrical 
film suitable for a fixing belt in a cylindrical form used in a 
heat-application image-fixing unit of an electrophotographic 
copier and the like. 
[0002] 
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[Prior Art] 

For example, an electrophotographic copier, an electro- 
photographic printer or the like using a toner is designed to 
transfer a toner image formed on a photoconductor drum to an 
image-bearing member such as a copy paper or the like, and thereafter 

to fix the transferred image thereto by the application, of pressure 

I 

i 

a'^id heat using a heat-application image fixing unit. Fig. 7(A) is 
a schematic side view showing a conventional heat-application 
image-fixing unit 100; and Fig. 7 (B) is a perspective view showing 
a fixing belt 101. 
[0003] 

As shown in those figures, in the heat-application image-fixing 
unit 100, a cylindrical fixing belt 101 and a back-up roller 102 
are placed opposite to each other. The fixing belt 101 is heated 
to a predetermined temperature by a heater 103. A copy paper 104 
bears thereon a toner image 105 previously transferred from a 
photoconductor drum (not shown) . The copy paper 104 is transported 
in a direction of arrow A and caused to pass through the fixing 
belt 101 and the back-up roller 102, which are rotated in the 
transporting direction, while the toner image 105 is fused by the 
application of heat and fixed to the copy paper 104. 
[0004] 

The fixing belt 101 used in the above-mentioned heat- 
application image-fixing unit 100 is required to have the following 

features: smooth surface, resistance to high temperatures 
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sufficient for fusing the toner image and fixing the same to the 
copy paper/ excellent releasability from toner images so as not 
to cause the toner to remain on the fixing surface,, capacity , to 
readily increase the temperature of .the fixing surface to a 
predetermined temperature, durability without expansion and 
contraction and also without change the strength even though heated 
to high temperatures for a long period of time, excellent chemical 
resistance, and the like. 
[0005] 

Conventionally, the above-mentioned fixing belt 101 is 
produced from a base member prepared in such a manner that a 
polyimide raw material is coated on a cylindrical drum-shaped mold, 
and dried and thereafter peeled off the .-mold. . 
[0006] 

[Problems to be Solved by the Invention] 

However, in the conventional process for producing the fixing 
belt, the raw material has to be coated on the drum-shaped mold 
one by one, followed by drying and peeling, so that mass production 
of the fixing belt (seamless cylindrical film) is difficult, which 
causes the problem of increase in the cost of the heat-application 
image-fixing unit 100. 
[0007] 

A first object of the present invention is therefore to provide 
a process for producing a seamless cylindrical film at low cost 
by employing the convenient steps with high mass-productivity, 

6 



which film is provided with the requirements for the fixing belt 
(seamless cylindrical film), i.e., surface smoothness, heat 
resistance, toner releasability and the like. A second object of 
the present invention is to provide a high-performance seamless 
cylindrical film obtained by the above-mentioned process. 
[Means for Solving the Problems] 
1,0008] 

To achieve the above-mentioned object, the process for 
producing a seamless cylindrical film described in Claim 1 is a 
production process for a seamless cylindrical film used in a 
heat-application image-fixing unit to thermally fix a toner image 
transferred to an image-bearing member, characterized in that the 
opposite ends of a sheet-shaped thermoplastic film are caused to 
overlap and the overlapping portion is heat-sealed to make the film 
into a cylindrical form. This production process employs a 
thermoplastic film and yields an endless belt by heat-sealing, so 
that the mass-production is increased and the production cost can 
be reduced. 
[0009] 

The production process for a seamless cylindrical film 
described in Claim 2 is characterized in that the ends of the plastic 
film as in Claim 1 are subjected to chamfering, the chamfered 
surfaces are caused to overlap, and the overlapping portion is 
heat-sealed. According to this production process, it is possible 
to reduce the generation of dents and protrusions around the 
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heat-sealed area because the overlapping ends of the thermoplastic 
film are chamfered as shown in Figs. 2(A) and 2(B) . As a result, 
the heat-application image-fixing unit can produce fixed images 
with excellent quality. 
[0010] 

The production process for a seamless cylindrical film 
described in Claim 3 is characterized in that the surface of the 
heat-sealed area as in Claim 1 or 2 is subjected to grinding to 
make the thickness of the heat-sealed area an initial thickness 
of the plastic film. Although the dents and protrusions are formed 
around the heat-sealed area by the production process of Claim 1, 
this problem can be solved by decreasing the thickness of the • 
heat-sealed area to the initial thickness, of the plastic film. The 
result is that the image-bearing member can be transported through 
the heat-application image-fixing unit accurately and constantly, 
thereby obtaining excellent quality of the fixed image.. 
[0011] 

The production process for a seamless cylindrical film 

described in Claim 4 is characterized in that the above-mentioned 

plastic film as in any one of Claims 1 through 3 is made of 

thermoplastic polyimide (TPI), polyether ether ketone (PEEK), 

polyether imide (PEI) or polyamideimide (PAI). Those plastic 

materials are particularly excellent in terms of heat resistance, 

so that the heat-application image-fixing unit can constantly 

produce fixed images with excellent quality. 
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[0012] 

The production process for a seamless cylindrical film 
described in Claim 5 is characterized in that a thin-film layer 
comprising at least one of a silicone resin or a f luoroplastic is 
previously overlaid on the surface of the plastic film as stated 
^n any one of Claims 1 through 4 . Those resins can yield high surf ace 

i 

smoothness and excellent releasability, so that it is possible to 
eliminate the problem that toner on the image-bearing member is 
undesirably transferred to the fixing surface of the fixing belt 
and remains thereon in the heat-application image-fixing unit. 
Therefore, the fixed images with excellent quality can be obtained 
constantly. 
[0013] 

The production process for a seamless cylindrical film 
described in Claim 6 is a process for producing a seamless 
cylindrical film used in a heat-application image-fixing unit to 
thermally fix a toner image transferred to an image-bearing member, 
characterized in that a plurality of concave and convex portions 
are formed in a sheet-shaped plastic film at the opposite ends 
thereof in the direction of film thickness, the concave and convex 
portions at one end are fitted into the convex and concave portions 
at the other end, and the fitted portions are joined with an adhesive 
to make the sheet into a cylindrical form. 
[0014] 

The production process of Claim 1 employs the heat-sealing 



technique, while, in the production process of Claim 6, the opposite 
ends of the plastic film are caused to overlap, the concave and 
convex portions formed at those ends are fitted into each other, 
and thereafter the fitted portions are joined with an adhesive. 
Therefore, not only the thermoplastic films, but also thermosetting 
films can be used for the plastic film, as distinct from Claim 1. 
The use of the thermosetting film can reduce the manufacturing cost 
of the seamless cylindrical film. In addition, the materials can 
be chosen within a wider range in consideration of the mechanical 
characteristics, heat resistance, cost of the film and the like. 

[0015] ( 

The production process for a seamless cylindrical film 
described in Claim 7 is characterized in that the concave and convex 
portions as in Claim 6 are formed by laser ablation. The processing 
by ablation can form concave and convex portions sharply and 
precisely. Therefore, it is possible to position the concave and 
convex portions with a deviation on the order of micrometers and 
to control the film thickness on the order of micrometers without 
difficulty. Thus, high-quality fixed images can be obtained 
constantly in the heat-application image-fixing unit.. 
[0016] 

The production process for a seamless cylindrical film 
described in Claim 8 is characterized in that after the fitted 
portions are joined as in Claim 6 or 7, the surface of the fitted 
portions of the cylindrical film is subjected to grinding to make 
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the thickness of the fitted portions an initial thickness of the 
plastic film. This can make the surface of the fitted portions 
flush, which will lead to the constant production of high-quality 
fixed images in the heat-application image-fixing unit. 
[0017] 

The production process for a seamless cylindrical film 

i 

^escribed in Claim 9 is a process for producing a seamless 
cylindrical film used in a heat-application image-fixing unit to 
thermally fix a toner image transferred to an image-bearing member, 
characterized in that a plurality of concave and convex portions, 
each having a narrow neck, are formed along the opposite ends of 
a sheet-shaped plastic film in the direction of a film surface, 
the concave and convex portions formed, along one end are fitted 
into the corresponding convex and concave portions formed along 
the other end, and the fitted portions are joined with an adhesive 
to make the film into a cylindrical form. When the convex portion 
with a narrow neck is fitted into a concave portion with a narrow 
neck, the narrow necks of the convex portion and the concave portion 
can lock together. As a result, the fitted portions cannot be 
prevented from separating even when some external forces are 
applied to the fitted portions in the direction that stretches the 
film. 
[0018] 

The production process for a seamless cylindrical film 
described in Claim 10 is characterized in that the plurality of 
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concave and convex portions as in Claim 9 are positioned in a row 
not in parallel to the center line of the seamless cylindrical film, 
that is, in a direction not perpendicular to the transporting 
direction of the image-bearing member. According to this process, 
as illustrated in Fig. 6(C), for example, a plurality of concave 
and convex portions are not formed along the same generatrix of 
the cylinder, so that the stress that would be applied 
simultaneously to the joint (fitted portions of the concave and 
convex portions) on the back-up roller (not shown) can be scattered. 
Consequently, the durability of the joint can be improved. 
[0019] 

The production process for a seamless cylindrical film 
described in Claim 11 is characterized in that the plastic film 
as in any one of; Claims 6 through 10 is' made of thermoplastic 
polyimide (TPI) , polyether ether ketone (PEEK), polyether imide 
(PEI) or polyamideimide (PAI) , or thermosetting polyimide. Those 
plastic materials have particularly high heat resistance, so that 
high-quality fixed images can be obtained constantly in the 
heat-application image-fixing unit. 
[0020] 

The production process for a seamless cylindrical film 
described in Claim 12 is characterized in that a thin-film layer 
comprising at least one of a silicone resin or a f luoroplastic is 
previously overlaid on the surface of the plastic film as in any 
one of Claims 1 through 11. Those resins can provide high surface 
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smoothness and excellent releasability , so that it is possible to 
eliminate the problem that toner on the image-bearing member is 
undesirably transferred to the fixing surface of the fixing belt 
and remains thereon in the heat-application image-fixing unit. 
Therefore, the fixed images with excellent quality can be obtained 

constantly. 

i 

1^0021] 

A seamless cylindrical film described in Claim 13 is 
characterized by being produced by a process as described in any 
one of Claims 1 through 12. 
[0022] 

[Mode for Carrying Out the Invention] 

The production process for a seamless cylindrical film 
according to the present invention will now be explained with 
reference to the figures. The first to fourth embodiments shown 
below are embodiments where the seamless cylindrical film serves 
as a fixing belt. 
[0023] 

(1) First embodiment 

The first embodiment relates to Claim 1. Fig. 1(A) is a side 
view for showing a fixing belt 10, and Fig. 1(B) is an enlarged 
partial view of the fixing belt 10. The fixing belt 10 has the same 
appearance as that of the fixing belt 101 shown in Fig. 8(B). 

[0024] 

As shown in Figs. 1(A) and KB) , the fixing belt 10 is prepared 
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by making a strip of a thermoplastic film 11 (for example, a film 
of thermoplastic polyimide, PEEK or polyamideimide) into a 
cylindrical form and heat-sealing the opposite ends using a 
heat-sealer. One of the above-mentioned ends is made as a heat-seal 
end 11a, and the other end is made as a heat-seal end lib. 
Protrusions 12 may be generated after heat-sealing as shown in Fig. 
1(B). It is preferable that the protrusions 12 be as low as possible 

(namely, the protrusions 12 are nearly flat) . The use of the 
heat-sealing technique makes it possible to conveniently produce 
fixing belts with high mass-productivity. In addition, the 
thermoplastic polyimide, PEEK, polyamideimide or the like has such 
high heat resistance that the film can withstand a long-term 
operation. 

[0025] 

(2) Second embodiment 

The second embodiment relates to Claim 2, where the ends of 

0 

the thermoplastic film 11 are subjected to chamfering. In Fig. 2 (A) , 

the ends 11a and lib to be subjected to heat-sealing are sharply 

chamfered, and those chamfered portions 14 are then heat-sealed. 

Although dents 15 are formed after heat-sealing in this. case, the 

degree of the dents 15 can be reduced. Fig. 2(B) shows the case 

where the heat-seal ends 11a and lib are moderately chamfered and 

those chamfered portions 14 are then subjected to heat-sealing. 

Although protrusions 17 are formed after heat-sealing in this case, 

the degree of the protrusions 17 can be reduced. 
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[0026] 

(3) Third embodiment 

The present embodiment relates to Claim 6. Fig. 3 is a diagram 
showing the system configuration of a laser processing apparatus 
20.. Figs. 4(A) and 4(B) are flow diagrams where a thermoplastic 

film 31 (thermoplastic polyimide, PEEK, polyamideimide.or the like) 

! 

i^s subjected to laser processing using the above-mentioned laser 
processing apparatus. Fig. 4(A) is a sectional side elevation 
showing the case where the lower joining portion is subjected to 
laser processing, while Fig. 4(B) is a sectional side elevation 
showing the case where the upper joining portion is subjected to 
laser processing. Fig. 4(C) is a perspective view of a 
f rusto-conical protrusion formed in the lower joining portion. Fig. 
4 (D) is a sectional side elevation showing the physical, 
relationship between the upper and lower joining portions. Fig. 
4 (E) is a sectional side elevation showing the structure after the 
joining portions have been fitted and joined. By using the 
above-mentioned laser processing apparatus 20, it is possible to 
easily form fine concave and convex portions in the film at the 
ends thereof in the direction of film thickness. 
[0027] 

As shown in Fig. 3, a film 31 (workpiece) is set on a rotary 
stage 25. In the laser processing apparatus 20, a laser beam 
emerging from a laser oscillator 21 is homogenized through a beam 
forming optical system 22 composed of a mirror, expander, beam 
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homqgenizer, field lens and the like. After that, a pattern for 
forming concave and convex portions in the thermoplastic film (see 
Figs. 4(A) and 4(B)) is formed by a mask 23, which pattern is 
converted into an image on the above-mentioned film via a mirror 
and an image lens 24. At that time, ablation (to split the bond 
of molecules to induce sublimation) is caused. The processing by 
ablation will be explained with reference to the flow diagrams shown 
in Fig. 4. In Fig. 3, reference numeral 26 indicates a monitoring 
system for monitoring the beam shape; and reference numeral 27, 
an optical system for observing the state of the film 31 subjected 
to processing. 
[0028] 

Using excimer laser, for instance, of KrF, ArF, XeCl and the 
like; SHG, THG, FHGYAG laser; and low-pulsed YAG laser with a pulse 
width of 30 nsec or less for the above-mentioned laser oscillator 
21, a laser beam is applied to the film 31 at an energy density 
of 0 . 05 J/cm 2 . The surface of the film 31 , irradiated with the laser 
beam, is engraved by each pulse. Thus, a configuration with convex 
and concave portions is formed, as the mask pattern being 
transferred. 
[0029] 

As shown in the steps (1) through (4) of Fig. 4(A), laser 

processing is performed in a film 31 in such a manner that 250 pulses 

are applied to the top surface of a lower joining portion 31b, that 

is, one end of the film 31 with a thickness of 100 gnt (see Fig. ■ 
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4(D)), using a laser beam at 0.5 J/cm 2 . By this operation, a 
plurality of parallel rows of frusto-conical protrusions 32 (see 
Fig. 4 (C) ) with a height of about 50 jum are formed in a direction 
perpendicular to the paper. 
[0030] 

With respect to an upper joining portion 31a, that is, the other 

! 

^nd of the film 31, the mask 23 in the laser processing apparatus 
20 is changed to another one, and as shown in the steps (1) through 
(5) of Fig. 4(B), a laser beam is applied to the bottom surface 
of the upper joining portion 31a (see Fig. 4(D)). The thickness 
of the upper joining portion 31a is decreased to 50 ul m (see the 
step (2) of Fig. 4(B)), and then a plurality of parallel rows of 
minute holes 34 into which the frusto-conical protrusions 32 are 
to be fitted are formed in proper positions corresponding to the 
plurality of parallel rows of protrusions 32, as shown in Fig. 4 (D) . 
Subsequently, as shown in Fig. 4 (E) , the frusto-conical protrusions 
32 formed in the lower joining portion 31b are fitted into the minute 
holes 34 formed in the upper joining portion 31a, and the fitted 
portions are joined by injecting an adhesive 35 therein. 
[0031] 

It is possible to determine the shape and number of the concave 
and convex patterns as desired by appropriately selecting the 
configuration of the above-mentioned mask. Further, it is possible 
to treat the entire area of the joined portion of the film 31 by 
a step-and-repeat procedure, that is, for successively expanding 
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the peripheral area, step-by-step, by applying a feeding/driving 
force to the rotary stage 25. Furthermore, the formation of the 
above-mentioned protrusions 12 and 17 (Fig. 1(B) and Fig. 2(B)) 
and dents 15 (Fig. 1(A)) can be avoided and the initial film 
thickness (100 /zm) can be maintained by decreasing the thickness 
of the upper joining portion 31a to a proper value as stated above. 
[0032] 

<Modified embodiment 1> 

Figs. 5 (A) and 5 (B) are sectional views for showing a procedure 
for joining an upper joining portion 31a and a lower joining portion 
31b. Using the laser processing .apparatus 20, f rusto-conical 
protrusions 33a formed in a longitudinal row are formed in the lower 
joining portion 31b in a direction perpendicular to the paper. In 
the upper joining portion 31a, minute holes (through holes) 34a 
provided in a longitudinal row are formed at places corresponding 
to the above-mentioned f rusto-conical protrusions 33a. The 
f rusto-conical protrusions 33a are fitted into the minute holes 
34a and joined by injecting an adhesive 35 into the fitted portions. 
According to this procedure, the above-mentioned protrusions 12 
and 17 (Fig. 1(B) and Fig. 2(B)) and dents 15 (Fig. 2(A)) are not 
formed and the initial film thickness (100 ixm) can be maintained. 
Further, the positions of the ends are appropriately corrected. 
In the third embodiment stated above, if the film thickness exceeds 
the initial film thickness around the joined areas after the joining 
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portions are fitted, the film thickness may be corrected by 
subjecting the surface to grinding to obtain the initial thickness. 
[0033] 

<Fourth embodiment> 

The present embodiment relates to Claim 9. Figs. 6(A) through 
6(C) are diagrams illustrating the present embodiment. As shown 

i 

j^n Fig. 6 (A) , a plurality of approximately U-shaped convex portions 
31c and concave portions 31d, each convex portion and concave 
portion having a narrow neck 36, are formed in a film 31 at one 
of the opposite ends thereof in the direction of a surface of the 
film 31 in such a configuration that the convex and concave portions 
are alternately positioned along the aforementioned end. In this 
case, the convex portion 31c and the concave portion 31d are made 
so as to be point-symmetrical to each other. Corresponding to the 
above-mentioned convex portions 31c and concave portions 31d, 
concave portions 31d and convex portions 31c are respectively 
formed at the other end (not shown). As shown in Fig. 6(B), the 
concave and convex portions of one end are fitted into the convex 
and concave. portions of the other end, and then the fitted portions 
are joined with an adhesive to form a cylinder. When the convex 
portion 31c of one end is fitted into the concave portion 31d of 
the other end, the convex portion 31c is positioned so. as to be 
immediately above the concave portion 31 of the other end. The 
mutual movement of the aforementioned convex portions 31c and 
concave portions 31d is restrained by the presence of the narrow 



neck 36 of each portion. Therefore, the fitted portions can be 
prevented from separating even when a tensile force is applied to 
the film in the direction of the film surface. 
[0034] 

The above-mentioned convex and concave portions 31c and 31d 
may preferably be positioned in a row, not in parallel to the center 
line of the seamless cylindrical film. This arrangement can 
disperse the stress that would simultaneously be applied to the 
joint (fitted portions) on the back-up roller, which will lead to 
the improvement in durability of the film. 
[0035] 

It is necessary to employ the thermoplastic resins as the 
materials for the plastic film in the previously mentioned first 
and second embodiments because the ends of the film are joined by 
heat-sealing. On the other hand, in the above-mentioned third and 
fourth embodiments, joining is achieved by fitting the convex 
portions into the concave portions, so that not only the 
thermoplastic resins, but also the thermosetting resins can be used 
as the materials for the film. Namely, in the third and fourth 
embodiments, the film materials can include thermoplastic 
polyimide (TPI), polyether ether ketone (PEEK), polyether imide 
(PEI) or polyamide imide (PAI) , or thermoplastic polyimide and 
other resins. 
[0036] 

As in the case with the first and second embodiments, it is 

20 



also desirable to previously overlay a thin-film layer comprising 
at least one of a silicone resin or a f luoroplastic on the surface 
of the plastic film in the third and fourth embodiments. 
[0037] 

[Effects of the Invention] 

One aspect of the invention according to Claim X provides a 
process for producing an endless belt by heat-sealing the opposite 
ends of a thermoplastic film, so that mass-production is increased 
and the belt can be produced at low cost. 
[0038] 

According to another aspect of the invention described in Claim 

2, the formation of dents and protrusions around the heat-sealed 
area can be reduced because the overlapping ends of the 
thermoplastic film are subjected to chamfering. As a result/ the 
heat-application image-fixing unit can produce' fixed images with 
excellent quality. 

[0039] 

According to another aspect of the invention described in Claim 

3, it becomes possible to solve the problem caused by the production 
process of Claim 1 that the dents and protrusions are formed around 
the heat-sealed area by decreasing the thickness of the heat-sealed 
area to the initial thickness. The result is that the image-bearing 
member can be transported through the heat-application 
image-fixing unit precisely and constantly, thereby obtaining 
excellent quality of the fixed image. 



[0040] 

According to another aspect of the invention described in Claim 

4, TPI, PEEK, PEI or PAI, any of which has particularly high heat 
resistance, is used for the plastic film. Therefore,- the 
heat-application image-fixing unit can constantly produce fixed 
images with excellent quality. 

[0041] 

According to another aspect of the invention described in Claim 

5, a thin-film layer comprising at least one of a silicone resin 
or a f luoroplastic is previously overlaid on the surface of the 
plastic film. Those resins are excellent in terms of surface 
smoothness and releasability , so that it is possible to eliminate 
the problem that toner on the image-bearing member is undesirably 
transferred to the fixing surface of the' fixing belt and remains 
thereon in the heat-application image-fixing unit. Therefore, the 
fixed images with excellent quality can be obtained constantly. 
[0042] 

According to another aspect of the invention described in Claim 

6, the ends of the plastic film are caused to overlap, the concave 
and convex portions formed at those ends are fitted into each other, 
and thereafter the fitted portions are joined with an adhesive. 
Therefore, not only the thermoplastic films, but also the 
thermosetting films can be used as the plastic films, as distinct 
from Claim 1. The use of the thermosetting film can reduce the 
manufacturing cost of the seamless cylindrical film. In addition, 
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the materials can be chosen within a wider range in consideration 
of the mechanical characteristics, heat resistance, cost of the 
•film and the like. 
[0043] ' 

According to another aspect of the invention described in Claim 

7, the concave and convex portions are formed by las^r ablation. 
T^ie processing by ablation can form sharp concave and convex 
portions with high accuracy. Therefore, it is possible to position 
the concave and convex portions with deviation on the order of 
micrometers, and to control the film thickness to the level of 
micrometers without difficulty. Thus, high-quality fixed images 
can be obtained constantly in the heat-application image-fixing 
unit . 

[0044] 

The concave and convex portions can be formed sharply and 
precisely by ablation using as the laser beam, excimer laser, for 
instance, of KrF, ArF, XeCl and the like; SHG, THG, FHGYAG laser; 
and low-pulsed YAG laser with a pulse width of 30 nsec or less. 
Therefore, it becomes possible to perform the excellent positioning 
between the ends of the film and the control of the film thickness 
on the order of micrometers. 
[0045] 

According to another aspect of the invention described in Claim 

8, the surface of the fitted portions of the joined cylindrical 
film is subjected to grinding to make the thickness of the fitted 
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portions an initial thickness of the plastic film. This can make 
the surface' of the fitted portions flush, so that high-quality fixed 
images can be obtained constantly in the heat-application 
image-fixing unit. 
[0046] 

According to another aspect of the invention described in Claim 

9, a plurality of concave portions and convex portions, each having 
a narrow neck, are formed in a plastic film along the opposite ends 
thereof in the direction of a film surface, the concave and convex 
portions formed along one end are fitted into the corresponding 
convex and concave portions formed along the other end, and the 
fitted portions are joined with an adhesive to make the film into 
a cylindrical form. By fitting the narrow-necked convex portion 
into the narrow-necked concave portion, the narrow necks of the 
convex portion and the concave portion can lock together. As a 
result, the fitted portions cannot be prevented from separating 
even when some external forces are applied to the fitted portions 
in the direction that stretches the film. 

[0047] 

According to another aspect of the invention described in Claim 

10, a plurality of concave and convex portions are positioned in 
a row not in parallel to the center line of the seamless cylindrical 
film. In this process, a plurality of concave and convex portions 
are not positioned along the same generatrix of the cylinder, so 
that the stress that would be applied simultaneously to the joint 
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(fitted portions of the concave and convex portions) on the back-up 
roller can be scattered. This can improve durability of the joint. 
[0048] 

According to another aspect of the invention described in Claim 

11, thermoplastic polyimide (TPI), PEEK, PEI or PAI, or 

thermosetting polyimide is used as the material for ,the plastic 

! • 

^ilm. Because of high heat resistance of those materials, there 
can be obtained high-quality fixed images constantly in the 
heat-application image-fixing unit. 
[0049] 

According to another aspect of the invention described in Claim 

12, a thin-film layer comprising at least one of a silicone resin 
or a f luoroplastic is previously overlaid on the surface of the 
plastic film. Those resins are excellent in terms of surface 
smoothness and releasability, so that it is possible to eliminate 
the problem that toner on the image-bearing member is undesirably 
transferred to the fixing surface of the fixing belt and remains 
thereon in the heat-application image-fixing unit. Therefore, the 
fixed images with excellent quality can be obtained constantly. 
[0050] 

A seamless cylindrical film according to another aspect of the 
invention described in Claim 13 is obtained by the production 
process as described in any one of Claims 1 through 12. Therefore, 
the seamless cylindrical film can be provided at low cost. 
[Brief Explanation of Drawings] 



Fig- 1 illustrates the first embodiment of the present 
invention. Fig. 1(A) is a side view and Fig. 1(B) is an enlarged 
partial view of Fig . 1 (A) . 

Fig. 2 illustrates the second embodiment of the present 
invention. Fig. 2 (A) is a partially enlarged side view showing the 
case of sharp chamfering, and Fig. 2(B) is a partially enlarged 
side view showing the case of moderate chamfering. 

Fig. 3 is a diagram showing the system configuration of a laser 
processing apparatus used in the third embodiment of the present 
invention. 

Fig. 4 includes flow diagrams where a film is subjected to 
processing using the above-mentioned laser processing apparatus. 
Fig. 4(A) is a sectional side elevation showing the case where the 
lower joining portion is subjected to laser processing; Fig. 4(B) 
is a sectional side elevation showing the case where the upper 
joining portion is subjected to laser processing; Fig. 4(C) is a 
perspective view of a frusto-conical protrusion formed in the lower 
joining portion; Fig. 4(D) is a sectional side elevation showing 
the physical relationship between the upper and lower joining 
portions; and Fig. 4(E) is a sectional side elevation showing the 
state after the joining portions are fitted and joined. 

Fig. 5 illustrates a modification of the third embodiments. 
Fig. 5(A) is. a sectional side elevation of a film where a through 
hole is formed at one end of the film and a frusto-conical protrusion 
is formed at the other end; and Fig. 5(B) is a sectional side 
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elevation of the film obtained by fit of the ends. 

Fig. 6 illustrates the fourth embodiment of the present 
invention. Fig. 6(A) is a plan view showing the shapes of concave 
and convex portions formed at the end of a film; Fig. 6(B) is a 
perspective view of a fixing belt obtained by fitting one end into 
the other end; and Fig. 6(C) is a perspective view of a, fixing belt 

i 

w^iere the fitted portions are disposed in a slanting direction to 
the center line of the fixing belt. 

Fig. 7 illustrates a conventional heat-application 
image-fixing unit . Fig. 7 (A) is a side view of the heat-application 
image-fixing unit; and Fig. 7(B) "is a perspective view of a fixing 
belt. 

[Description of Reference Numerals] 

10 Fixing belt 

11 Thermoplastic film 

11a Heat-seal portion of one end 

lib Heat-seal portion of the other end 

12 Protrusions 

14 Sharply chamfered portion 

15 Dent 

16 Moderately chamfered portion 

17 Protrusions 

20 Laser processing apparatus 

21 Laser oscillator 

22 Beam forming optical system 
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23 Mask 

24 Image lens 

25 Rotary stage 

2 6 Beam shape monitoring system 

27 Optical system for observation 

31 Film 

31a Upper joining portion 

31b Lower joining portion 

31c Convex portion 

31d Concave portion 

32 Frusto-conical protrusion 
33a Frusto-conical protrusion 
34 , 34a Minute hole 

35 Adhesive 

36 Narrow neck 

100 Heat-application image-fixing unit 

101 Fixing belt 

102 Back-up roll 

103 Heater 

104 Copy paper 

105 Toner image 
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*In the figure, Japanese words without reference numerals are translated. 



